The phototrophic bacterium Rhodobacter capsulatus E1F1 assimilates nitrate under anaerobic phototrophic growth conditions. A 17 kb DNA region encoding the nitrate assimilation (nas) system of this bacterium has been cloned and sequenced. This region includes the genes coding for a putative ABC (ATP-binding cassette)-type nitrate transporter (nasFED) and the structural genes for the enzymes nitrate reductase (nasA), nitrite reductase (nasB) and hydroxylamine reductase (hcp). Three genes code for putative regulatory proteins: a nitrite-sensitive repressor (nsrR), a transcription antiterminator (nasT) and a nitrate sensor (nasS). Other genes probably involved in nitrate assimilation are also present in this region. The sequence analysis of these genes and the biochemical properties of the purified nitrate, nitrite and hydroxylamine reductases are reviewed.
Introduction
Nitrate assimilation is a main process of the nitrogen cycle, in which nitrate is first incorporated into the cells by an active transport system and then reduced to nitrite and ammonium by the enzymes nitrate and nitrite reductases. Bacterial assimilatory nitrate reduction is usually regulated by nitrate induction and ammonium repression, and the genes involved in this process are usually clustered [1] [2] [3] . These genes have been sequenced in some bacteria, although in most cases either functional or sequence analysis, but not both, has been performed for a particular organism. NADH-dependent nitrate and nitrite reductases are present in heterotrophic bacteria, such as Klebsiella oxytoca and Bacillus subtilis, whereas ferredoxin-dependent enzymes are found in oxyphotobacteria [4] [5] [6] [7] . Only a few strains of anoxygenic phototrophic bacteria use nitrate as the sole nitrogen source. Rhodobacter capsulatus E1F1 assimilates nitrate, but only under photoanaerobic growth conditions [8] . In this strain, nitrate assimilation is induced by nitrate and repressed at low C/N ratios [9] . Nitrate uptake requires a 47 kDa periplasmic protein and is completely blocked by ammonium, thus avoiding nitrate reductase induction [10, 11] . The assimilatory nitrate reductase was purified, and is composed of a 95 kDa catalytic subunit and a 46 kDa FAD-containing diaphorase [12] . More recently, a 17 kb DNA region encoding the nitrate assimilation (nas) system was isolated and an Hcp (hybrid cluster protein) with hydroxylamine reductase activity has been purified as a His 6 -tagged recombinant protein [13] . In the present paper, we summarize the sequence analysis of this nas gene region and Key words: assimilation, hydroxylamine, nitrate, nitrite, Rhodobacter capsulatus, transporter.
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its regulation, and the biochemical properties of the nitrate, nitrite and hydroxylamine reductases of R. capsulatus E1F1.
Sequence analysis of the R. capsulatus E1F1 nas gene region
The 17 kb nas region of R. capsulatus includes three putative regulatory genes (nsrR and nasTS), the nasFED genes encoding an ABC (ATP-binding cassette)-type nitrate transporter, the structural genes coding for nitrate (nasA) and nitrite (nasB and nirD) reductases, and the cysG gene required for synthesis of sirohaem, the nitrite reductase cofactor. The hcp gene encoding a hybrid cluster protein with hydroxylamine reductase activity is also clustered together with these genes [13] . The possible function and the main characteristics of the proteins encoded by the R. capsulatus nas gene region are summarized in Table 1 .
Regulation of the expression of R. capsulatus E1F1 nas genes
Nitrate assimilation in R. capsulatus E1F1 is induced by nitrate or nitrite and repressed at low C/N ratios [9] . In addition, ammonium inhibits -rapidly and completely -the transport of nitrate, avoiding nitrate reductase induction [10, 11] . Control of nas gene expression could operate in R. capsulatus through the NsrR repressor and the NasTS regulatory bicomponent system. The nsrR gene product is homologous with a novel nitrite-sensitive transcription repressor of the Rrf2 family that controls expression of the copper nitrite reductase NirK in Nitrosomonas europaea [14] . Therefore the NsrR protein could repress nitrate assimilation in the absence of nitrate or nitrite. R. capsulatus NasS is homologous with the Azotobacter vinelandii nitrate *The NADH-dependent activity in vivo requires a diaphorase subunit encoded by a gene that is not present in the 17 kb nas region described in the present study. This diaphorase subunit is an FAD-containing protein of 46 kDa [12] . †The NADH-dependent activity in vivo requires an uncharacterized diaphorase encoded by a gene that is not present in the 17 kb nas region described in the present study [13] .
sensor NasS, whereas NasT is similar to the transcription antitermination proteins NasT of A. vinelandii and NasR of K. oxytoca [15, 16] . NasS could sense nitrate/nitrite to activate NasT, allowing complete expression of the nas genes. However, the R. capsulatus nasS gene has a premature stop codon and deduced NasS is a short protein with only 229 residues. A complete NasS, with a normal size of 391 residues, could be synthesized if a translational frameshift −1 takes place during protein synthesis in the mRNA sequence coding for the polyarginine motif RRRRKR. This mRNA sequence is located 54 bp upstream from the premature UGA stop codon and is followed by a hairpin secondary structure. Table 2 .
